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Abstract: Severe malaria, primarily caused by Plasmodium falciparum, is associated with
life-threatening complications. In patients with sickle cell anemia, malaria exacerbates anemia,
induces widespread sickling, and increases the risk of vaso-occlusive crises, potentially leading
to acute chest syndrome. Although intravenous artesunate is the Centers for Disease
Control–recommended treatment for severe malaria, there are no established guidelines for managing
severe malaria with IV artesunate in conjunction with red blood cell exchange transfusion for severe
acute chest syndrome. Here, we present the case of a 48-year-old male with sickle cell anemia
who developed severe P falciparum malaria complicated by acute chest syndrome. The patient was
successfully treated with concurrent intravenous artesunate and red blood cell exchange transfusion.
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1. Introduction

It is now generally accepted that sickle cell trait is protective against malaria. People with sickle
cell anemia (SCA) also have been shown to have a lower incidence of malaria compared to the
general population, though the combination of SCA and malaria significantly increases risk of severe
malaria, thereby posing a higher risk for mortality [1]. Malaria worsens the anemia associated with
SCA, potentially causing life-threatening complications [2,3]. Additionally, the invasion of red blood
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cells (RBCs) by malaria parasites triggers extensive sickling and increases the adhesion of infected
sickle cells to blood vessel walls, promoting vaso-occlusive crises (VOCs) [4]. Severe VOC can
subsequently lead to acute chest syndrome (ACS), characterized by fever, respiratory distress, and
new lung infiltrates on chest X-rays. We report a case of severe Plasmodium falciparum infection in a
patient with SCA complicated by possible ACS, which was successfully treated with intravenous (IV)
artesunate and RBC exchange transfusion.

2. Case Report

A 48-year-old male with a past medical history of SCA and pulmonary embolism presented with fever
and chills for 4 days. He endorsed shortness of breath, diffuse body aches, worse in the legs, as well
as nausea and diarrhea. He had returned from a trip to Nigeria 2 to 3 weeks earlier and denied taking
prophylactic treatment for malaria. Folic acid was the only home medication he was taking.

Initial vital signs showed tachycardia at 129, normal blood pressure, fever at 103.2 ˝F,
and oxygen saturation of 87% on room air. On physical exam, scleral icterus and epigastric
tenderness were noted. Initial labs were significant for leukocytosis (white blood cells, 15.4
k/μL), macrocytic anemia (hemoglobin [Hb], 8.4 g/dL; hematocrit, 24.3%; mean corpuscular
volume, 100.2 fl), thrombocytopenia (platelet count, 108 k/μL), elevated creatinine (1.5 mg/dL), mild
transaminitis (aspartate aminotransferase [AST], 77 U/L; alanine aminotransferase [ALT], 54 U/L),
hyperbilirubinemia (total bilirubin 3.0 mg/dL), elevated international normalized ratio (INR), 1.3; and
elevated lactate (3.6 mmol/L) (Figure 1). Chest X-ray showed mild streaky perihilar predominant
bilateral opacities suspicious for edema. Blood parasite thick and thin smears showed P falciparum
with 4.3% parasitemia (Figure 2). The patient was diagnosed with severe malaria given pulmonary
edema, lactic acidosis, acute kidney injury, and elevated parasitemia.

Figure 1: Timeline of the clinical course.
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Figure 2: Microscopic visualization of Plasmodium falciparum parasitemia.

Treatment was initiated first with artemether/lumefantrine (80 mg/480 mg), and then IV artesunate
(2.4 mg/kg) once it was obtained by the hospital. Given increasing oxygen requirement to 5 L
through nasal cannula, tachypnea to respiratory rate of 20 and new chest X-ray finding with bilateral
mild interstitial edema, concern was also raised for ACS, so empiric therapy for community-acquired
pneumonia with ceftriaxone and doxycycline were promptly started as well.

The next morning, the patient remained febrile with worsening transaminitis (AST, 668 U/L; ALT,
441 U/L) and hyperbilirubinemia (total bilirubin, 5.4 mg/dL), increasing INR to 2.1, and worsening Hb
to 6.4g/dL and thrombocytopenia to 56 k/μL. His hypoxia also did not improve and he appeared
more drowsy. Due to concern for worsening ACS, hematology recommended proceeding with
RBC exchange transfusion. The patients second dose of artesunate was due near the end of
RBC exchange so it was given after the exchange completed due to concern about possible
clearance of artesunate if given during the exchange. A repeat blood smear taken 4 hours after
the third dose showed parasitemia reduced to 0%.The patients fever began to subside after the
second dose of artesunate and exchange transfusion. Follow-up laboratory tests revealed stabilized
liver function, and improved anemia and thrombocytopenia. Treatment was then transitioned to
artemether-lumefantrine for an additional 3-day course (Figure 1).

3. Discussion

According to the Centers for Disease Control and Prevention (CDC), severe malaria is defined by
the presence of one or more of the following: high parasitemia (ě5%), severe anemia (Hb < 7 g/dL),
impaired consciousness, seizures, shock, pulmonary edema, acute respiratory distress syndrome,
acidosis, acute kidney injury, abnormal bleeding, disseminated intravascular coagulation, or jaundice
if accompanied by other symptoms [5]. Severe malaria has a mortality rate exceeding 5%, increasing
the risk of death by over fifty times [6].

Sickle cell disease (SCD), an autosomal recessive disorder characterized by chronic hemolytic
anemia and painful VOCs, makes patients more susceptible to severe infections, including
malaria [2,7]. In patients with SCDs, malaria not only exacerbates preexisting anemia to
life-threatening levels but also impairs splenic function, hindering the clearance of parasitized red
blood cells [8]. Research has shown that patients with sickle cell disease experience higher rates of
severe malaria-induced anemia [3,9,10] and that malaria significantly contributes to early mortality in
these individuals. Additionally, infections like malaria can trigger ACS, a severe complication caused
by vaso-occlusion within the pulmonary vasculature, which can be life-threatening [11].
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To prevent fatal outcomes in patients presenting with severe malaria, the CDC emphasizes
the urgent need for immediate IV antimalarial therapy [5]. Artesunate is the only available IV
option in the United States, and its administration should begin as soon as possible [12]. If IV
artesunate is not immediately accessible, oral antimalarials such as artemether-lumefantrine may
be used temporarily until the IV medication is obtained. Artesunate for Injection™ can be acquired
through the manufacturer, Amivas, which offers 24/7 support to help hospital pharmacies locate the
nearest distributor.

The mechanism of action of IV artesunate is to convert to dihydroartemisinin (DHA), which
targets red blood cells by inhibiting heme polymerization, generating reactive oxygen species,
destabilizing parasite membranes, and damaging parasite proteins, leading to parasite death [13]. IV
artesunate is administered at a dose of 2.4 mg/kg at 0, 12, and 24 hours. After completing this initial
course, a thin blood smear is performed 4 hours after the last dose to determine parasite density.
If the density is ď1% and the patient can tolerate oral medications, follow-up treatment with oral
artemether-lumefantrine should be initiated within 4 to 24 hours [14]. If the parasite density remains
>1% after the third dose, IV artesunate must be continued once daily for up to 7 days or until the
density decreases to ď1%. Once the parasite density is reduced to ď1% and the patient is stable
enough for oral medications, a complete follow-up oral regimen should be administered to ensure
eradication of the parasite.

Although rare, delayed hemolytic anemia has been reported in some patients following IV
artesunate therapy, particularly in patients with high parasite densities. To mitigate this potential
complication, weekly monitoring for signs of hemolytic anemia is recommended for up to 4 weeks
after the initiation of treatment [15,16]. In cases such as this one, where the disease course was
further complicated by worsened anemia due to the patients underlying SCD, close monitoring for
delayed hemolytic anemia was particularly crucial.

Severe P falciparum malaria continues to have a high case fatality rate despite the availability
of effective antimalarial and supportive therapies. Approaches like removing infected red blood
cells and plasma with exchange transfusion have been explored as potential treatments for severe
cases [17,18]. Although exchange transfusion has shown success in individual instances, its
efficacy remains debated. Evidence from retrospective studies and meta-analyses suggests that
exchange transfusion does not improve survival outcomes in severe malaria, and therefore, it is not
recommended as a treatment option [19–22].

In our case, exchange transfusion was performed as recommended for ACS under
specific conditions, including a history of severe ACS or cardiopulmonary disease, multilobar
involvement, rapidly progressing ACS or multiorgan failure, and severe hypoxemia (SaO2 ď 85%
or PaO2 ď 55 mm Hg) [19,23–25]. There are no established guidelines on the dosing and timing
of IV artesunate in cases requiring exchange transfusion, as these interventions may need to be
administered simultaneously in patients with severe VOC from SCD and severe malaria.

In the body, both artesunate and its metabolite, DHA, are approximately 93% protein-bound
in plasma, with IV artesunate having a short half-life of under 15 minutes and DHA being eliminated
within 30 to 60 minutes [26]. Given that artesunate is primarily protein-bound in plasma, the reinfusion
of the plasma component during exchange transfusion should lead to minimal loss of the drug.
However, a theoretical risk of artesunate removal remains as it distributes into RBCs. If possible,
to decrease this risk, we suggest administering the drug prior to initiating the exchange procedure,
with a waiting period of at least 1 to 2 hours before starting the transfusion. Further studies are
warranted to better understand the interaction between exchange transfusion procedures and the
pharmacokinetics of IV artesunate.

4. Conclusion

Our study highlights a case of severe P falciparum malaria complicated by ACS in a patient with
underlying SCA, successfully managed with simultaneous exchange transfusion and 3 doses of IV
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artesunate. This case underscores the potential need for concurrent administration of exchange
transfusion and IV artesunate, as SCD predisposes patients to severe malaria, while severe malaria,
in turn, increases the risk of VOC requiring exchange transfusion.

Careful consideration must be given to the timing and administration of IV artesunate during
exchange transfusion due to the theoretical risk of medication loss during the procedure. Further
research is necessary to better understand the interaction between exchange transfusion and the
pharmacokinetics of IV artesunate to optimize treatment strategies.
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